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LASER PROCESSING HEAD WITH TWO The US company GE invented a liquid - core optical fibre 
NOZZLES AND SYSTEMS AND METHODS laser processing system , which adopts a hollow pipe , light 

THEREFOR transmission factor of which is less than that of water ; the 
hollow pipe is made of special polymer , Teflon , whose 

CROSS REFERENCE TO RELATED 5 melting point is less than 400 ° C .; When water flows through 
APPLICATIONS the hollow pipe , a photoconductive system is formed 

between the water and the pipe wall . It's testified that the 
This application is a continuation application of PCT photoconductive system can transmit nanosecond green 

Patent Application No. PCT / CN2015 / 091204 , entitled light with energy over 4 GW / cm² , which meets energy 
“ Laser Processing Head , Application Thereof , Laser Pro- 10 requirements for laser processing in many applications . 
cessing System , and Laser Processing Method ” , filed on What's more , the hollow pipe above can deep enter water for 
Sep. 30 , 2015 , which claims priority to Chinese Patent laser processing , and theoretically , it can be drilled into 
Application No. 201410586246.1 , filed on Oct. 28 , 2014 , materials to realize laser removal processing without depth 
entitled “ Laser Processing Head , Application Thereof , Laser limitation . 
Processing System , and Laser Processing Method ” , the 15 However , both kinds of laser processing systems above 
entire contents of which are incorporated herein by refer- and other water assisted laser processing systems in the art 

are faced with a technical problem , namely , on one hand , the 
inner diameter of the nozzle or that of the hollow pipe needs 

TECHNICAL FIELD to be small enough to produce micro jet , so as to enhance the 
energy density of the laser after coupling ; on the other hand , 

The present disclosure relates to the technical field of it is strictly required to prevent the hollow pipe from being 
laser processing , and more particularly , to a laser processing damaged by laser at the narrow incidence opening . Take the 
head , application thereof , a laser processing system , and a micro jet laser processing system of SYNOVA as an 
laser processing method , which are applied in high energy example , although the system has good effects in processing 
laser processing . 25 thinner devices when it is in normal operation , its reliability 

is difficult to be improved , because the nozzle is apt to be 
BACKGROUND damaged . The reason that the nozzle is apt to be damaged is 

that a position drift of light spot may occur during the 
High - energy lasers , such as kilo - watt continuous wave operation of the system , when high energy laser directly 

fiber lasers , CO2 lasers , solid lasers , and high - power pulsed 30 strikes the non hollow position at the nozzle , the expensive 
lasers , have been widely used in removal processing in jewel nozzle may be damaged directly ; moreover , even if 
industrial manufacture . In laser removal processing , if the there is no position drift of light spot , when impurity 
pulse width is relatively large ( larger than 10 ps ) , the particles pass through the narrow nozzle , the impurity par 
removal mechanism is that melting and sublimation coexit , ticles will sublimate , generating high temperature plasma , 
and the material is removed from the substrate with the help 35 corroding the incidence opening , thereby damaging the 
of auxiliary gas . A large amount of heat will be generated in nozzle . 
the process , thereby affecting the processed workpiece . In Due to the reasons above , in order to ensure the reliability 
many cases , e.g. , during processing heat sensitive materials of the system , the applicable power of the water assisted 
and drilling metal , the workpiece should be protected from laser processing system is lower . In order to further improve 
being affected by heat as far as possible . 40 the laser processing ability , the contradiction between the 

In order to reduce the thermal effect , researchers have high energy density laser coupled and the system reliability 
taken a series of measures in the field of laser processing , has become a problem to be solved urgently . 
one of which is to reduce the thermal effect in laser pro 
cessing by using auxiliary fluids such as water flow . SUMMARY 
Some relevant reports reveal that laser is coupled in water 45 

flow , thereby combing the water cooling effect with the laser The present disclosure aims to provide a laser processing 
processing effect , and removing the material with laser head , application thereof , a laser processing system , and a 
mainly as well as limiting the thermally affected area laser processing method , so as to solve the contradiction 
through cooling of water flow . With the similar concept , the between the high energy density laser coupled and the 
European company SYNOVA invented a micro jet laser 50 system reliability during the laser processing effectively . 
processing system , wherein micro water jet is formed An objective of the present disclosure is realized by the 
through a high pressure cavity and a jewel nozzle , then the following technical scheme . 
laser is converged into the jewel nozzle ; consequently , the A laser processing head , configured to transmit laser to a 
pulsed laser is emitted along with the water jet flow with a workpiece to be processed , wherein the laser processing 
diameter less than 100 micron , forming natural photocon- 55 head comprises : 
ductive effect in the air , namely , realizing transmission a first - level nozzle , and 
through total reflection over a long distance with very low a second - level nozzle , which is arranged downstream of 
loss ; therefore , the water jet flow coupled with pulsed laser the first - level nozzle 110 and communicates with the first 
energy can realize processing with least thermal effect level nozzle ; 
through nanosecond pulsed laser . wherein , an inner diameter of the second - level nozzle 

The concept above relies on the photoconductive effect of gradually decreases in a laser transmission direction , and a 
the water jet flow in the air . Theoretically , once the layered minimum inner diameter of the first - level nozzle is larger 
water flow and the air interface are not present , the photo- than an inner diameter of a tail end of the second - level 
conductive effect will be no longer in existence . Therefore , nozzle . 
the water assisted laser processing method above has great 65 In one of the embodiments , the laser processing head 
difficulties in realizing a super large - depth processing further comprises a focus lens , which is arranged upstream 
( greater than 10 mm ) . of the first - level nozzle . 
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In one of the embodiments , the laser processing head In one of the embodiments , a minimum inner diameter of 
further comprises a transparent window , which is arranged the first - level nozzle is greater than twice of a diameter of a 
upstream of the focus lens . light spot formed by the laser focused ; 

In one of the embodiments , the minimum inner diameter an inner diameter of a tail end of the second - level nozzle 
of the first - level nozzle is greater than twice of diameter of 5 is less than half of the minimum inner diameter of the 
the light spot formed by the laser focused ; the inner diameter first - level nozzle . 
of the tail end of the second - level nozzle is less than half of In one of the embodiments , diameter of the laser fluid jet 
the minimum inner diameter of the first - level nozzle . is regulated through regulating pressure of the first fluid and 

In one of the embodiments , the first - level nozzle and the the second fluid . 
second - level nozzle are integrally molded . Use of the laser processing head , wherein , the laser 

In one of the embodiments , the first - level nozzle and the processing head deep enters a workpiece or fluid for laser 
second - level nozzle are made of a metal tube , glass tube , processing operation . 
ceramic tube , or plastic tube , which has a smooth inner wall . The present disclosure has the following beneficial 

In one of the embodiments , the laser processing head effects : 
further comprises a first cavity and a second cavity ; The laser processing head , the application thereof , the 

the first cavity communicates with the first - level nozzle ; laser processing system , and the laser processing method 
the second cavity communicates with the second - level provided by the present disclosure solve the contradiction 
nozzle . between the high energy density laser and the system 

In one of the embodiments , the first cavity is provided reliability through gradual coupling . During laser process 
upstream of the first - level nozzle ; 20 ing , firstly , the laser is coupled into the first fluid in the 

an outer wall of the first - level nozzle is designed to be first - level nozzle . The diameter of the first - level nozzle is 
curved surface forming a gradually decreased diameter ; larger , so the difficulty of laser coupling is reduced , and the 

a section of the second - level nozzle , which has greater laser processing head is prevented from being damaged by 
inner diameter , is arranged to enclose a periphery of the a position drift of light spot or corrosion of impurity par 
first - level nozzle ; 25 ticles , thereby increasing the system reliability . Secondly , 

the second cavity is arranged between the outer wall of the under the external constraints , the diameter of the first fluid 
first - level nozzle and the inner wall of the second - level decreases gradually , and the laser fluid jet is formed finally 
nozzle . and exits therefrom . During the decreasing of the first fluid , A laser processing system comprises : the laser beam coupled into the first fluid converges gradu 

a laser device , which is configured to generate laser ; 30 ally and the laser energy density increases gradually , thereby 
the laser processing head above , which is configured to emitting laser fluid jet of high energy . With this laser energy 

transmit the laser to the workpiece to be processed ; output manner , an extremely fine laser fluid jet can be a first supply unit , which is configured to provide a first generated , which can break through the prior art ultimate 
fluid with certain pressure for the laser processing head ; resolution limit for focusing laser , and can obtain an ultimate 

a second supply unit , which is configured to provide a 35 resolution limit up to 5 um or even to a submicron size , 
second fluid with certain pressure for the laser processing while possess the processing ability in a depth far larger than 
head ; and the diameter of the water flow at the terminal end . Finally , a control unit , which is configured to control operation of because of the enhanced reliability , the water assisted laser 
the first supply unit , the second supply unit , and the laser processing through kilo - watt laser becomes possible and the 
device . processing rate is increased relative to the water assisted 

In one of the embodiments , refractive index of the first laser processing in the art . 
fluid is greater than refractive index of the second fluid . 

In one of the embodiments , the first fluid is liquid , and the BRIEF DESCRIPTION OF DRAWINGS 
second fluid is gas . 

In one of the embodiments , refractive index of the first- 45 FIG . 1 is a structural schematic diagram illustrating the 
level nozzle of the laser processing head is less than refrac- laser processing head according to one embodiment of the 
tive index of the first fluid . present invention ; 

In one of the embodiments , the laser processing system FIG . 2 is a structural schematic diagram illustrating the 
further comprises an optics unit which is arranged between laser processing head according to one embodiment of the 
the laser device and the laser processing head . 50 present invention , which deep enters the workpiece for 
A laser processing method comprises steps of : processing operation ; 
S100 . focusing laser , and coupling focused laser into a FIG . 3 is a structural schematic diagram illustrating the 

first fluid in a first - level nozzle ; laser processing head according to one embodiment of the 
S200 . the first fluid coupled with laser flowing into a present invention , which deep enters the fluid for processing 

second - level nozzle and being enveloped by a second fluid 55 operation ; 
in the second - level nozzle ; FIG . 4 is a functional schematic diagram illustrating the 

S300 . under double constraints of the second - level nozzle laser processing system according to one embodiment of the 
and the second fluid , diameter of the first fluid coupled with present invention ; 
laser decreasing gradually , and finally , a laser fluid jet being FIG . 5 is a screen shot of simulation of the fluid con 
formed and emitting from the tail end of the second - level 60 straint . 
nozzle ; and 

S400 . the laser fluid jet acting on a workpiece to be DETAILED DESCRIPTION OF DISCLOSED 
processed , thereby realizing laser processing . EMBODIMENTS 

In one of the embodiments , the first fluid is liquid , and the 
second fluid is gas . Embodiments of the present invention will be described in 

In one of the embodiments , refractive index of the first more details as follows . It should be understood that the 
fluid is greater than refractive index of the second fluid . embodiments described are just illustrations and explana 
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tions of the present invention , but not intended to limit the tance , such as quartz tube , which reduces the cost greatly as 
scope of the invention . For the convenience of describing the compared with the jewel nozzle . Additionally , the diameter 
position relations of various components , the laser transmis- of the first fluid is decreased gradually through the constraint 
sion direction is defined to be the downstream , conversely , of the second fluid rather than through the direct constraint 
to be the upstream direction . 5 of solid , so the laser is efficiently stopped from direct 

The present disclosure provides a laser processing head , contacting with the second - level nozzle 120 in the region 
which transmits the laser emitted from a laser device to the where the laser intensity is increased , further increasing the 
workpiece to be processed , and is particularly applicable to system reliability . Energies of continuous wave laser with 
transmitting high energy laser . super large power ( over 1000 W ) or high - average - power 
As shown in FIG . 1 , the laser processing head 100 of the 10 pulsed laser ( nanosecond laser , picoseconds laser , or fem 

present disclosure includes a first - level nozzle 110 and a tosecond laser with over hundreds of watts ) can be coupled 
second - level nozzle 120 , which communicate with each in the extremely fine terminal laser fluid jet , which allows 
other . Wherein , the second - level nozzle 120 is arranged the laser to take its advantages of high removal rate and high 
downstream of the first - level nozzle 110 , namely , the laser processing quality . 
emitted from a laser device enters the first - level nozzle 110 15 Preferably , the inner diameter of the terminal end of the 
first , then enters the second - level nozzle 120. The arrow in first - level nozzle 110 is less than the inner diameter of the 
the figure points to the laser transmission direction . initial end of the second - level nozzle 120. This embodiment 

The inner diameter of the second - level nozzle 120 gradu- assists the second fluid enveloping the first fluid , and can 
ally decreases in the laser transmission direction , and the avoid turbulent flow effectively . 
minimum inner diameter of the first - level nozzle 110 is 20 In the present disclosure , the final diameter of the first 
larger than the inner diameter of a tail end ( where the laser fluid , namely , the diameter of the first fluid when it exits 
exits ) of the second - level nozzle 120 . from the tail end of the second - level nozzle 120 , can be 

It should be noted that , in the present disclosure , the inner regulated through regulating the pressure of the first fluid 
diameter of the first - level nozzle 110 may be either constant and the pressure of the second fluid , or through changing the 
or varied . Preferably , as shown in FIG . 1 , the inner diameter 25 diameter of the tail end of the second - level nozzle 120. The 
of the first - level nozzle 110 is constant , namely , the inner basic requirements are to ensure that the first fluid coupled 
diameter is consistent . In this case , the minimum inner with laser is in a state of laminar flow rather than turbulent 
diameter is the inner diameter . The design of constant inner flow , thereby enabling the laser to be transmitted smoothly . 
diameter is beneficial to primary coupling of laser , and can During the particular laser processing , the final diameter 
effectively avoid energy loss of laser during the primary 30 of the first fluid is related to the power of the laser input and 
coupling . the required laser intensity . For example , as for removal 

In operation , a first fluid with certain pressure is fed into processing through nanosecond pulsed laser , if the laser 
the first - level nozzle 110 by a first fluid feed 55 , and a intensity over 500 MW / cm² is required , normally the final 
second fluid with certain pressure is fed into the second- diameter needs to be less than 100 um ; as for removal 
level nozzle 120 by a second fluid feed 165. Wherein , the 35 processing through 1000 W continuous wave laser , if the 
first fluid is disposed to couple the laser emitted into the laser intensity over 5 MW / cm² is required , the final diameter 
first - level nozzle 110 , and the second fluid is disposed to needs to be less than 150 um . 
envelope the first fluid coupled with laser . During laser Preferably , as shown in FIG . 1 , the laser processing head 
processing , firstly , the laser is coupled into the first fluid ; 100 of the present disclosure further includes a focus lens 
secondly , along with the first fluid , the laser coupled into the 40 130 , which is arranged upstream of the first - level nozzle 
first fluid enters the second - level nozzle 120 ; in the second- 110. Namely , the laser emitted from the laser device is 
level nozzle 120 , the second fluid envelopes the first fluid focused through the focus lens 130 before entering the 
coupled with laser . The inner diameter 122 of the second- first - level nozzle 110. The focus lens 130 focuses the laser 
level nozzle 120 gradually decreases in the laser transmis- beam and the laser energy is focused into a light spot , which 
sion direction , and the second fluid has certain pressure , so 45 enables the laser to be coupled into the first fluid more easily 
the diameter of the first fluid coupled with laser decreases and reduces the energy loss during the laser transmission and 
gradually under double constraints of the second - level coupling process . 
nozzle 120 and the second fluid , accordingly , the size of the Wherein , the focal distance and the position of the focus 
laser light spot also decreases , and the laser energy density lens 130 may be chosen according to practical requirements . 
( the laser intensity ) increases gradually . At last , enveloped 50 When the first - level nozzle 110 has no light guide structure 
by the second fluid , the first fluid coupled with laser forms therein , ( namely , when the refractive index of the first fluid 
the laser fluid jet emitting from the tail end of the second- is less than or equals to the refractive index of the first - level 
level nozzle 120. The laser fluid jet acts on the workpiece to nozzle 110 ) , the laser can be focused below the exit of the 
be processed , thereby realizing high energy laser processing . first - level nozzle 110 , so as to reduce the energy loss of laser . 

The laser processing head 100 of the present disclosure 55 When there is a light guide structure in the first - level nozzle 
solves the contradiction between the high energy density 110 , ( namely when the refractive index of the first fluid is 
laser and the system reliability through gradual coupling . greater than the refractive index of the first - level nozzle 
The minimum inner diameter of the first - level nozzle 110 is 110 ) , the laser can be focused at any position of the 
larger than the inner diameter of the tail end of the second- first - level nozzle 110 . 
level nozzle 120 , so the first fluid has a relatively larger inner 60 Preferably , the laser processing head 100 further includes 
diameter . During laser coupling , the laser light spot with a a transparent window 140. The transparent window 140 is 
larger size may be used , thereby reducing the laser energy arranged upstream of the focus lens 130 , so as to protect the 
density in the primary laser coupling , further reducing the focus lens 130 from being polluted and avoid affecting the 
risk of damage by the laser to the first - level nozzle 110 , and focusing effect . Generally , the transparent window 140 is 
increasing the laser coupling efficiency and the system 65 made of quartz glass . 
reliability . What's more , the first - level nozzle 110 can be In order to increase the reliability of laser coupling and 
made of material with low cost and high - temperature resis- protect the laser processing head 100 from being damaged 
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by the incident laser , preferably , the minimum inner diam- tacting with the laser in the region where the laser intensity 
eter of the first - level nozzle 110 is greater than twice of the is increased . Two layers of fluid ( the first fluid and the 
diameter of the light spot formed by the focused laser , and second fluid ) are isolated , which solves the contradiction 
is preferably ranged from 0.25 mm to 0.75 mm . What's between the high energy density laser coupled and the 
more , in order to increase the energy density of the final 5 system reliability during the laser processing in the prior art . 
output laser , the minimum inner diameter 125 of the second Additionally , through regulating the type of the nozzle of the 
level nozzle 120 ( namely , the inner diameter of the tail end laser processing head 100 , regulating the pressure param 
of the second - level nozzle 120 ) is less than half of the eters of the first fluid and the second fluid , the laser fluid jet minimum inner diameter of the first - level nozzle 110 , and is from the terminal end can be controlled and regulated , which preferably ranged from 5 um to 100 um . If required , the 10 lays a foundation for optimization of the processing and for minimum inner diameter of the second - level nozzle 120 can realization of versatility of the technology . be smaller , even be submicron size . 

Further , in order to prevent the laser from damaging the Further , the present disclosure also provides application 
nozzles and to lower the cost , the first - level nozzle 110 can of the laser processing head 100 to deep enter a workpiece 
be metal tube , ceramic tube , or glass tube , which has smooth 15 or deep enter fluid for processing operation , which over 
an inner wall . If long term stability can be ensured , the comes the technical problems encountered in the process of 
first - level nozzle 110 can also be plastic tube . Wherein , the deep entering complex environments or narrow regions for 
metal tube can be stainless steel tube or copper tube , and so processing operation , and ensures the processing quality . 
on ; the glass tube can be quartz tube , etc. The second - level FIG . 2 is a structural schematic diagram illustrating the laser 
nozzle 120 can also be made of any of the above tubes . 20 processing head 100 that deep enters the workpiece for 
As shown in FIG . 1 , the laser processing head 100 further processing operation ; FIG . 3 is a structural schematic dia 

includes a first cavity 150 and a second cavity 160. Wherein , gram illustrating the laser processing head that deep enters 
the first cavity 150 and the first - level nozzle 110 commu- the fluid for processing operation . Preferably , the length of 
nicate with each other ; the second cavity 160 communicates the tail end of the second - level nozzle 120 can be extended 
with the second - level nozzle 120. During the laser process- 25 according to desires , so as to facilitate to deep enter complex 
ing , the first fluid enters the first - level nozzle 110 through the environments and realize processing smoothly . 
first cavity 150 ; the second fluid enters the second - level As shown in FIG . 4 , the present disclosure further pro 
nozzle 120 through the second cavity 160 . vides a laser processing system including a laser processing 
As shown in FIG . 1 , in order to make the first fluid flow head 100 , a laser device 200 , a first supply unit 300 , a second 

easily , as one of the implementations , the first cavity 150 is 30 supply unit 400 , and a control unit 500 . 
arranged upstream of the first - level nozzle 110. According to Wherein , the laser device 200 is configured to generate 
the orientations shown in FIG . 1 , the first cavity 150 is laser ; the laser processing head 100 is configured to transmit 
arranged just above the first - level nozzle 110. In order to the laser generated by the laser device to the workpiece to be 
make the second fluid flow easily and envelope the first processed ; the first supply unit 300 is configured to provide 
fluid , the outer wall of the first - level nozzle 110 is designed 35 the first fluid with certain pressure for the laser processing 
to be arc - shaped surface or any other curved surface forming head 100 ; the second supply unit 400 is configured to 
a gradually decreased diameter 112 ; the section of the provide the second fluid with certain pressure for the laser 
second - level nozzle 120 , which has greater inner diameter , processing head 100 ; the control unit 500 is configured to 
is arranged to enclose the periphery of the first - level nozzle control the operation of the first supply unit 300 , the second 
110 , forming an arc - shaped region between the outer wall of 40 supply unit 400 , and the laser device 200 . 
the first - level nozzle 110 and the inner wall of the second- As shown in FIGS . 1 and 4 , during laser processing , the 
level nozzle 120. The second cavity 160 is arranged in the laser device 200 generates laser , the first supply unit 300 
arc - shaped region . In this way , the flow uniformity of the forces the first fluid with certain pressure into the first cavity 
second fluid is enhanced , and the first fluid coupled with 150 ; then the first fluid flows into the first - level nozzle 11 ; 
laser can be enveloped evenly , which is beneficial for laser 45 the second supply unit 400 forces the second fluid into the 
transmission . second cavity 160 ; then the second fluid flows into the 

Preferably , in the laser processing head 100 of the present second - level nozzle 120 ; the laser generated by the laser 
disclosure , the first - level nozzle is connected with the sec- device 200 is coupled into the first fluid and flows into the 
ond - level nozzle hermetically . The first - level nozzle 110 and second - level nozzle along with the first fluid ; the first fluid 
the second - level nozzle 120 are integrally molded and 50 is enveloped by the second fluid in the second - level nozzle 
connected with each other , which increases the tightness of 120 ; the diameter of the first fluid decreases gradually under 
the connection between the first - level nozzle 110 and the double constraints of the second - level nozzle 120 and the 
second - level nozzle 120 and helps control the pressure in the second fluid ; finally , the laser fluid jet is formed and exits 
cavities . Additionally , the first - level nozzle 110 and the from the tail end of the second - level nozzle 120 , acting on 
second - level nozzle 120 can be connected with each other 55 the workpiece to be processed , thereby realizing laser pro 
through welding , screw threads or any other sub - assembling cessing 
manner . The sub - assembly manner is convenient for replac- Preferably , in the laser processing system , the refractive 
ing the second - level nozzle 120 . index of the first fluid is greater than the refractive index of 

The laser processing head 100 of the present disclosure the second fluid . Since the first fluid coupled with laser and 
can realize output of high energy laser , and it has the 60 enveloped by the second fluid finally exits from the tail end 
advantages of small thermal effect , high processing quality , of the second - level nozzle 120 and acts on the workpiece to 
and high system reliability . When the output laser density be processed , when the refractive index of the first fluid is 
reaches a certain value , the laser can be used for cleaning , greater than the refractive index of the second fluid , a light 
surface carving , cutting , boring , laser shock processing , etc. guide structure can be formed by the first fluid and the 
As the gradual coupling is adopted , the first - level nozzle 110 65 second fluid , which greatly reduces the energy loss of laser 
is protected from being damaged by the incident laser , and during the laser transmission . What's more , the double 
the solid pipe wall is efficiently protected from direct con- ductility of the first fluid and the second fluid increases the 
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effective acting distance of the laser , which helps to realize on , which ensure that the laser emitted from the laser device 
laser processing in large depth or in super large depth . 200 is accurately incident into the laser processing head 100 . 

Preferably , in the laser processing system above , the first In the laser processing system , the wave length of the 
fluid is liquid , and the second fluid is gas . This implemen- laser emitted from the laser device can be ranged from 266 
tation is beneficial for laser coupling and for forming a shape 5 nm - 1100 nm . Lasers with wave length in such a range all 
enveloped by the second fluid , which is more controllable . attenuate to some extent during transmission in water . The 
Preferably , the first fluid is water , or other liquid ; the second 532 nm laser has the smallest attenuated magnitude , and the 

effective transmission distance of 532 nm laser is over 20 m ; liquid is filtered air , nitrogen , neon or argon , or other gas . the effective transmission distance of 1064 nm laser is up to The light transmission factor of gas is 1 , and the refractive 10 100 mm . index of water is 1.334 , and the incidence angle for total The laser processing system of the present disclosure reflection at the boundary between gas and water is 48 ° , so including the laser processing head 100 can realize gradual a combination of the gas and the water can have the effect coupling of the laser energy , and has a series of advantages of a natural optical fiber , namely , the effect of total reflec such as high coupling reliability , high coupling efficiency , no tion . The relative larger total reflection angle helps to shorten 15 damages to solid device , small heat influence , high process the transmission length required by variance of diameter , ing quality , expandable processing area and processing 
and reduces the energy loss during the laser coupling . effectiveness . The laser processing system of the present 
What's more , during the laser processing , under the double disclosure can be applied to laser cutting , laser boring , or 
functions of the gas flow and the water flow , scraps can be laser three - dimension removal processing . Through modifi 
removed well , thereby avoiding secondary accumulation of 20 cation , the laser processing system can be used in more 
the removed material and enhancing the quality of laser processing applications , such as cleaning under water , weld 
processing ing , etc. 

Additionally , when the first fluid is liquid , the second fluid Further , the present invention provides a laser processing 
can be liquid with density less than the density of the first method , which comprises steps as follows : 
fluid . S100 . focusing laser , and coupling focused laser into the 
When the first fluid is water , and the second fluid is gas , first fluid in the first - level nozzle ; 

the ultimate value of the laser energy intensity transmitted in S200 . the first fluid coupled with laser flows into the 
pure water is extremely high . As for 532 nm or 1064 nm second - level nozzle , and is enveloped by the second fluid in 
nanosecond laser , the laser intensity which causes damage to the second - level nozzle ; 
the water is over 6000 MW / cm² , which is far higher than the 30 S300 . under double constraints of the second - level nozzle 
laser intensity that can cause damage to the common solid and the second fluid , the diameter of the first fluid coupled 
fiber ( lower than 1000 MW / cm² ) . With natural water cooling with laser decreases gradually , and finally , the laser fluid jet 
effect , the laser processing system of the present disclosure is formed and exits from the tail end of the second - level 
can transmit laser with large power , including continuous nozzle ; 
wave laser and pulsed laser . For example , laminar flow 35 S400 . the laser fluid jet acts on the workpiece to be 
water column with diameter of 25 um can transmit 532 ns or processed , thereby realizing laser processing . 
1064 ns laser with power over 37.5 KW in principle , and In the laser processing method above , the first fluid is 
laminar flow water column with diameter of 100 um can liquid , and the second fluid is gas . Preferably , the refractive 
transmit laser with power over 600 KW . The inventors made index of the first fluid is greater than the refractive index of 
experiments for 800 nm femtosecond laser , 1064 nm and 40 the second fluid . Preferably , the minimum inner diameter of 
532 nm picosecond pulsed laser , 1064 nm and 532 nm the first - level nozzle is greater than twice of the diameter of 
nanosecond laser , and 1064 nm continuous wave laser , and the light spot formed by the focused laser . The inner 
the reliability of the technical schemes of the present dis- diameter of the tail end of the second - level nozzle is less 
closure is verified . than half of the minimum inner diameter of the first - level 

Diameter can be reduced through constraint of the fluid , 45 nozzle . The beneficial effects of the technical scheme above 
as is verified by simulation and experimental researches have been described in details in the contents related to laser 
done by the inventors . FIG . 5 is a screen shot of simulation processing head , and will not be described again . 
of the air constraint to water flow , which is obtained by In the laser processing method of the present disclosure , 
means of software ANSYS , wherein , the middle black part through regulating the type of the nozzle of the laser 
is water , and the lateral shallow color part is air . The 50 processing head , regulating the pressure parameters of the 
simulation result shows that laminar flow micro jet , which is first fluid and the second fluid , the diameter of the laser fluid 
enveloped stably , can be formed through regulating relevant jet can be controlled and regulated , which makes a founda 
parameters of the water flow and gas . tion for optimization of the processing and for realization of 

Further , the refractive index of the first - level nozzle 110 versatility of the technology . 
of the laser processing head 100 is less than the refractive 55 The laser processing method of the present disclosure 
index of the first fluid , namely , the first - level nozzle 110 has solves the contradiction between the high energy density 
a light guide structure therein . When the first fluid is water , laser and the system reliability through gradual coupling , 
the first - level nozzle 110 can be made of TEFLON AF , and realizes large power laser processing . It should be noted 
refractive index of which is 1.29 , and the refractive index of that , the laser processing method of the present disclosure 
water is 1.334 , so a light guide structure can be formed , 60 can be performed through the laser processing head of the 
thereby reducing the energy loss of laser during laser cou- present disclosure and the laser processing system of the 
pling process . present disclosure . Also , the laser processing method of the 
As one of the implementations , the laser processing present disclosure can be implemented through any other 

system further includes an optics unit 600 which is arranged device which meets the requirements . 
between the laser device and the laser processing head 100.65 What described above are several embodiments of the 
The optics unit 600 includes a reflective lens , a lens adjust- present disclosure , and they are specific and in details , but 
ing frame , a beam expanding lens , an optical grating , and so not intended to limit the scope of the present disclosure . It 
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will be understood by those skilled in the art that various the laser processing head of claim 1 , which is configured 
modifications and improvements can be made without to transmit the laser to the workpiece to be processed ; 
departing from the conception of the present disclosure , and a first supply unit , which is configured to provide a first 
all these modifications and improvements are within the fluid with a certain pressure for the laser processing 
scope of the present disclosure . The scope of the present 5 head ; 
disclosure shall be subject to the claims attached . a second supply unit , which is configured to provide a 
What is claimed is : second fluid with a certain pressure for the laser pro 1. A laser processing head , configured to transmit a laser cessing head ; and to a workpiece to be processed , wherein , the laser processing a control unit , which is configured to control operation of head comprises : the first supply unit , the second supply unit , and the a first - level nozzle with a first fluid feed of the laser laser device . processing head , and 
a second - level nozzle with a second fluid feed of the laser 7. The laser processing system according to claim 6 , 

processing head and with a laser - emitting end , which is wherein , a refractive index of the first fluid is greater than a 
refractive index of the second fluid . arranged in a downstream direction relative to the 15 

first - level nozzle and communicates with the first - level 8. The laser processing system according to claim 6 , 
nozzle ; wherein , the first fluid is liquid , and the second fluid is gas . 

wherein , an inner diameter of the second - level nozzle 9. The laser processing system according to claim 6 , 
with the second fluid feed of the laser processing head wherein , a refractive index of the first - level nozzle of the 
and with the laser - emitting end is gradually decreasing 20 laser processing head is less than a refractive index of the 
in a laser transmission direction , and a minimum inner first fluid . 
diameter of the first - level nozzle is larger than an inner 10. The laser processing system according to claim 6 , 
diameter of the laser - emitting end of the second - level further comprising an optics unit which is arranged between 
nozzle ; the laser device and the laser processing head . 

the laser processing head further comprising a first cavity 25 11. A laser processing method , comprising steps of : 
and a second cavity ; feeding a first fluid by a first fluid feed of a laser 

wherein : processing head ; 
the first cavity communicates with the first - level nozzle ; focusing a laser , and coupling the focused laser into the 
the second cavity communicates with the second - level first fluid in a first - level nozzle ; 

nozzle ; 30 wherein when the first - level nozzle is oriented to vertically 
the first cavity is arranged in an upstream direction transmit the first fluid coupled with the laser , a vertical 

relative to the first - level nozzle ; section of an outer wall of the first - level nozzle is arc 
when the laser processing head is oriented to vertically shaped , and the outer wall of the first - level nozzle has a 

transmit the laser : ( i ) a vertical section of an outer wall continuously decreasing diameter in a laser transmission 
of the first - level nozzle is arc - shaped , and the outer wall 35 direction ; 
of the first - level nozzle has a continuously decreasing feeding a second fluid by a second fluid feed of the laser 
diameter in the laser transmission direction , ( ii ) a processing head ; 
vertical section of an inner wall of the second - level the first fluid coupled with the laser flowing into a 
nozzle is arc - shaped , and ( iii ) a first part of the second- second - level nozzle and being enveloped by the second 
level nozzle has a greater inner diameter than a second 40 fluid in the second - level nozzle ; wherein , when the 
part of the second - level nozzle , and the first , part of the second - level nozzle is oriented to vertically transmit 
second - level nozzle encloses a periphery of the first- the second fluid and the first fluid coupled with the 
level nozzle , forming an arc - shaped region between the laser , a vertical section of an inner wall of the second 
outer wall of the first - level nozzle and an inner wall of level nozzle is arc - shaped ; a first part of the second 
the second - level nozzle ; and level nozzle has a greater inner diameter than a second 

the second cavity is arranged between the outer wall of the part of the second - level nozzle , and the first part of the 
first - level nozzle and the inner wall of the second - level second - level nozzle encloses a periphery of the first 
nozzle , and in the arc - shaped region . level nozzle , forming an arc - shaped region between the 

2. The laser processing head according to claim 1 , outer wall of the first - level nozzle and an inner wall of 
wherein , the laser processing head further comprises a focus 50 the second - level nozzle ; 
lens , which is arranged in an upstream direction relative to decreasing the diameter of the first fluid coupled with the 
the first - level nozzle . laser , the first fluid coupled with the laser being further 

3. The laser processing head according to claim 2 , constrained by the second - level nozzle and the second 
wherein , the laser processing head further comprises a fluid ; 
transparent window , which is arranged in an upstream 55 a laser fluid jet being formed and exiting from a laser 
direction relative to the focus lens . emitting end of the second - level nozzle ; and 

4. The laser processing head according to claim 2 , processing a workpiece by the laser fluid jet acting on the 
wherein , the minimum inner diameter of the first - level workpiece . 
nozzle is greater than twice a diameter of a light spot formed 12. The laser processing method according to claim 11 , 
by a focused laser ; the inner diameter of the laser - emitting 60 wherein , the first fluid is liquid , and the second fluid is gas . 
end of the second - level nozzle is less than half of the 13. The laser processing method according to claim 11 , 
minimum inner diameter of the first - level nozzle . wherein , a refractive index of the first fluid is greater than a 

5. The laser processing head according to claim 1 , refractive index of the second fluid . 
wherein , the first - level nozzle and the second - level nozzle 14. The laser processing method according to claim 11 , 
are integrally molded . 65 wherein , a minimum inner diameter of the first - level nozzle 

6. A laser processing system , comprising : is greater than twice of a diameter of a light spot formed by 
a laser device , which is configured to generate a laser ; a focused laser ; 
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13 
an inner diameter of a the laser - emitting end of the 

second - level nozzle is less than half of the minimum 
inner diameter of the first - level nozzle . 

15. The laser processing method according to claim 11 , 
wherein , diameter of the laser fluid jet in the second - level 5 
nozzle is regulated through regulating pressure of the first 
fluid and the second fluid . 

16. The laser processing method according to claim 13 , 
wherein , a diameter of the laser fluid jet in the second - level 
nozzle is regulated through regulating pressure of the first 10 
fluid and the second fluid . 

17. The laser processing method according to claim 14 , 
wherein , a diameter of the laser fluid jet in the second - level 
nozzle is regulated through regulating pressure of the first 
fluid and the second fluid . 15 


